Objective: To explore whether standardized survey instruments and objective performance measures differentiate traditional constructs of sleepiness and fatigue among a sample of postpartum mothers. Additionally, we wanted to explore the independent associations among these measures with actigraphically measured nocturnal sleep variables. Method: Seventy-nine postpartum mothers' subjective sleepiness, fatigue, and performance measures [Stanford Sleepiness Scale (SSS), Epworth Sleepiness Scale (ESS), Visual Analogue of Fatigue Scale (VAS), Profile of Mood States (POMS) subscale items, and the Psychomotor Vigilance Test (PVT)] and objective actigraphically measured sleep were collected during postpartum week 11. A principal components analysis was calculated, then regressions were calculated among resulting factors and among individual measures with total sleep time and sleep efficiency. Results: Three factors accounted for 83.84% of model variance. Factor 1 (41.41%) included the SSS, ESS, and the VAS. Factor 2 (28.13%) included only PVT variables. Factor 3 (14.30%) included the two POMS subscale items. Factor 1 was associated with nocturnal sleep time and Factor 2 was associated with sleep efficiency. The ESS was independently associated with nocturnal sleep time, whereas, POMS-Vigor subscale and median reaction time, together, were associated with sleep efficiency. Conclusion: Among postpartum mothers, standard instruments used to measure sleepiness, fatigue, and performance were distributed among three distinct factors that did not clearly identify traditional sleepiness and fatigue constructs. Objectively measured sleep time and sleep efficiency were associated with specific factors, as well as specific measures, that correspond to sleepiness and fatigue states.
Introduction
Within clinical, research, and applied settings the terms sleepiness and fatigue are often used interchangeably, yet the terms represent distinct constructs [1] . Accurate use of these terms is important because they are thought to reflect different etiologies that may lead to increased morbidity and mortality among susceptible populations.
Sleepiness
Sleepiness has been operationally defined as a physiological need [2] that reflects an increased drive for sleep when one intends to be awake [3] and can be caused by any experience that prevents acquisition of needed sleep. Such experiences include self-imposed insufficient sleep, sleep disorders, and various extrinsic causes that disturb sleep (e.g., infant signaling during the night). Sleepiness and hours of sleep are inversely associated, such that less sleep leads to more sleepiness [4] . Furthermore, the magnitude of sleepiness occurs in grades; the greater the magnitude of sleepiness, the more likely one is to fall asleep during waking activities [3] . Sleepiness can be reliably and validly indexed objectively through use of assessments such as the Multiple Sleep Latency Test, [5] or subjectively using standard instruments, such as the Stanford Sleepiness Scale [6] and the Epworth Sleepiness Scale [7] .
Fatigue
In contrast, fatigue is operationally defined as the subjective report of exhaustion and decreased capacity for both physical and/or mental activity [8] . Fatigue is a state thought to be comprised of multiple dimensions, such as physical and mental fatigue [9] and is associated with fibromyalgia [10] and chronic fatigue syndrome [11] . In an assessment of sleep disorders, sleepiness, and fatigue among a sample diagnosed with Chronic Fatigue Syndrome, Le Bon et al. suggest that fatigue is neither a byproduct of sleep disorders, nor a likely expression of sleepiness [11] . Fatigue can be subjectively assessed using various techniques such as a visual analogue scale [12] .
Though sleepiness and fatigue have been clearly identified as separate constructs, there are known relations between them. Among those with sleep disorders, perceived fatigue was unrelated to daytime sleepiness measured with the Multiple Sleep Latency Test [13] . Lichstein et al explain that sleepiness results from being awake, whereas fatigue is a result of exertion. However, they also explain that an interaction exists in which wakefulness can increase fatigue and exertion can increase sleepiness. Furthermore, individuals differ in their susceptibility to experiencing sleepiness and fatigue. In a large community sample of women, sleepiness and fatigue were significantly associated, but each had distinct risk factors [14] .
Sleepiness and fatigue among postpartum mothers
The interaction between sleepiness and fatigue may be especially pronounced among postpartum women. Postpartum mothers are an ideal population among which to evaluate sleepiness and fatigue. Such women make up an ecologically valid, non-experimental population who often experience high levels of sleep disturbance in the absence of a sleep disorder. Fatigue has been shown to increase in association with sleep deprivation during the postpartum period [15] . Furthermore, mothers experience increased levels of both sleepiness [16] and fatigue [17] during pregnancy and throughout the postpartum period [18] . Postpartum fatigue levels may persist long into the postpartum period. Beyond the first postpartum year, primiparous women have been reported to be more fatigued than nulliparous women [19] . Furthermore, these postpartum mothers were at least as fatigued when their infants were 14 to 19 months old as when their infants were 6 weeks old [19] .
Experiences that contribute to, and are results of postpartum sleepiness and fatigue have been well described [17, 20] . Dennis and Ross [21] found that infant sleep, maternal fatigue, and specifically maternal sleep disturbance are strongly associated with higher maternal depressive symptoms. Thus, identification of sleepiness and fatigue among postpartum women may be particularly important for appropriate identification of those at risk for psychopathology [22] . The experiences of sleepiness and fatigue may have far reaching consequences for postpartum mothers, their families, and society because of both their childcare responsibilities and their presence in the workforce.
Differentiating sleepiness and fatigue may be challenging [1, 23, 24] . The psychometric properties of several sleep outcome measures are at the center of some scholarly debate, specifically regarding their identification of sleepiness versus fatigue [25] . Current research indicates that operationalization of variables, assessment process, and symptom-specific interventions need to be established and implemented when dealing with the constructs of sleepiness and fatigue [26] . Furthermore, there has been a call for further exploration of the relations among instruments used to identify sleepiness and fatigue [26] .
The primary purpose of the current study was to use a convenient dataset from a larger study of postpartum mothers to explore how standard instruments traditionally used to measure sleepiness, fatigue, and performance may be interrelated among this unique population. The secondary purpose was to explore the independent associations of sleepiness, fatigue, and performance measures with actigraphically measured nocturnal sleep time and sleep efficiency.
Methods
The data are from a longitudinal study of postpartum sleep disturbance [27] approved by the West Virginia University Office of Research Compliance (Institutional Review Board). Participants were administered informed consent and Health Insurance Portability and Accountability Act authorization prior to participation.
Sample
Mothers were recruited via community advertisements. Potential participants were excluded on the basis of premature delivery, pregnancy with multiples, infant admission to the neonatal intensive care unit, history of or current treatment for major depressive disorder, or a score ≥16 on the Center for Epidemiologic Studies Depression Scale, a well-validated 20-item survey used to determine current risk for major depressive disorder [28] . Data from 79 postpartum mothers during their 11th postpartum week were analyzed (24 women participated from postpartum week 8-16; 55 participated from postpartum week [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Participant demographics are shown on Table 1 .
Measures Computerized experienced sampling method
Participants used computerized experience sampling method [29] to self-administer the visual analogue of fatigue (VAS) scale, [12] the Stanford Sleepiness Scale (SSS), [6] and the Epworth Sleepiness Scale (ESS) [7] using a Palm Zire 72 personal digital assistant (PDA) with customized software (Bruner Consulting). The 100-point VAS was a single item fatigue scale to examine tiredness/fatigue [12] . The VAS was used to rate, "How tired/fatigued do you feel RIGHT NOW?" (0=not at all tired/fatigued, 100=very tired/ fatigued). The SSS measures how sleepy one feels in their current state; the scale is 1-7 and higher scores represent greater sleepiness. The ESS measures the susceptibility of falling asleep, on a scale of 0-3, in eight different real-life situations. Total scores on this scale can range from 0-24 where higher scores represent greater sleepiness. The ESS is typically used to reflect one's general state, but for the current study was used to reflect one's current state.
Psychomotor vigilance test
The psychomotor vigilance test (PVT) [30] was selfadministered using customized software (Bruner Consulting) on the PDA, similar to previous works [31] . This PVT is a simple reaction time (RT) task developed to measure sustained attention using a bull's-eye stimulus and has a 10 ms sensitivity resolution. Each 5-min trial consists of the presentation of approximately 39-56 stimuli at random interstimulus intervals. RT measured using the PVT is a valid index of performance impairment due to sleep loss (for a review, see Lim and Dinges [32] ). PVT trial measures included median RT and frequency of lapses (i.e., the number of RTs per trial ≥500 ms).
Prior to the calculation of reaction time values, a response time parameter was set to minimize the effect of extreme reaction time responses that may have resulted from the field-based self-administration of the PVT [33] . Based on preliminary work, a criterion cutoff value was established at two standard deviations above the mean for all response data; that is, reaction time responses ≥1314 ms. were excluded from the calculation of reaction time values for each trial. This criterion cutoff value resulted in removal of b2% of all responses within all trials.
The profile of mood states
The Profile of Mood States (POMS) [34] measures six dimensions of mood: tension-anxiety, depression-dejection, anger-hostility, vigor-activity, fatigue-inertia, and confusionbewilderment. The POMS yields a total mood disturbance score as well as subscales for each dimension of mood, and all items have an internal consistency of ≥.90 [34] . Respondents for this study were instructed to rate 65 adjectives on a scale of 0=not at all to 4=extremely, based on how they felt during the previous week; a higher number for a subscale represents a higher level of the reported mood. The POMS has been used extensively in sleep research [35] . For the current study only the Vigor-Activity and FatigueInertia subscales were examined.
Actigraphy
Wrist actigraphy is a valid system for non-intrusive measurement and analysis of sleep/wake periods among adults [36] . Actigraphy data were collected using a commercially available system (Mini Mitter Actiwatch-64) with 15-s recording epochs and a standard wake threshold value setting=40. Signals were analyzed using Actiware software.
It is recommended that simultaneous behavioral diaries be kept with actigraphy to identify bedtimes, rise times, and times when the actigraph is off [37] . Our sleep and actigraph off diary was also PDA based. The sleep diary and actigraphy signal were corroborated so that the beginning of a sleep period was identified at the beginning of the first eight consecutive epochs (2 min) of inactivity following the sleep diary-reported bedtime; the end of a sleep period was identified as the end of the last 2 consecutive min of inactivity preceding the diary-reported wake time. Total sleep time (minutes) and sleep efficiency (minutes of sleep during the sleep period divided by minutes in the sleep period, multiplied by 100) were derived from actigraphy signals during nocturnal sleep periods. To reduce participant burden, participants were not instructed to identify the exact moments of lights-out; therefore, there was no attempt in our study to determine sleep onset latency. Furthermore, participants recorded their time of morning wake which was later corroborated with actigraphy signals.
Procedure
Mothers were asked to wear their actigraph continuously (except when it might get wet), to use their PDA to report their sleep and watch-off diary as events occurred, and to self-administer PVT, sleepiness, and fatigue measures via the PDA. The PVT was self-administered once each day within two hours of awakening and before any caffeine consumption. The PDA-based VAS, SSS, and ESS were completed whenever the mother fed her baby, or following a similar pattern if she returned to work. At the end of postpartum Week 11, the POMS was administered, reflecting mood during that week.
Statistical analyses
Data were analyzed using SPSS version 14.0; a Pb.05 was considered statistically significant.
Daily PVT and multi-daily VAS, SSS and ESS measures were each averaged within the study week to provide stable measures and to allow comparison with the POMS subscales. To examine the potential influence of sleep inertia on PVT performance, correlations were calculated between the latency from morning wake until PVT administration and median reaction time and frequency of lapses.
To examine whether these individual subjective and performance measures identify the traditional constructs of sleepiness and fatigue among postpartum women, a principal components analysis (PCA) was conducted with all variables entered into the model. The PCA was conducted with an oblique rotation (Direct Oblimin). An oblique rotation was used because correlations were expected among the sleepiness and fatigue measures; regardless, if the factors were uncorrelated, oblique and orthogonal rotations characteristically yield similar results [38] .
Once factors were identified by the PCA, those factors were used as variables by creating factor values. Since the variables that loaded on the factors were on different measurement scales, the variables in each factor were standardized and the standardized variables that loaded on each factor were averaged to create that factor value.
Four stepwise linear regressions were calculated to examine which PCA factor, as well as which individual measures were most strongly associated with nocturnal sleep time and sleep efficiency. The PCA factors, and the ESS, SSS, VAS, PVT variables, and POMS subscales were entered as independent variables; nocturnal sleep time and sleep efficiency were entered separately as dependent variables. Stepwise regressions were calculated because this analysis was exploratory.
Results
Data from three women were not included in analyses due to actigraph or Palm Pilot malfunction, these women still provided POMS data. Therefore, 79 women were included in the analyses and 76 women contributed complete data. Participant demographics are shown on Table 1 . Selfadministration of the computerized VAS, SSS, and ESS measures occurred an average of 2.57 (S.D.=0.96) times each day. There was no appearance of profile reporting for the VAS, SSS, or ESS; the within subject variability (i.e., average S.D. from week 11 study weeks) for these measures was VAS=21.56; SSS=1.23; ESS=4.81. For the PVT, there was no evidence of a sleep inertia effect; latency from wake to administration was not significantly correlated with median reaction time (r=.03, P=.80), or frequency of lapses (r=.05, P=.69). Descriptive statistics for the VAS, SSS, ESS, PVT, and actigraphically measured sleep variables are shown on Table 1 .
The sample size used for the PCA was adequate [38] ; the participant to item ratio was N10:1, almost all communalities were N.80, and no minimum loading of any item was lower than .32. Furthermore, the PCA explained a large proportion of variance among this sample.
Based on visual inspection of the natural bend on the scree plot (Fig. 1) , the PCA revealed three factors that explained 83.84% of the total variance in the model (Table 2) . Factor one -which explained the most variance -was composed of the VAS, SSS, and ESS, and was labeled "subjective report of sleepiness/fatigue." Factor two was composed of the two PVT variables and was labeled "psychomotor performance." Factor 3 was composed of the POMS subscales and was labeled "POMS: Vigor/Fatigue."
When the three factors were entered into two regression models to predict either nocturnal sleep time or sleep efficiency, the "subjective report of sleepiness/fatigue" (β=−. 
Discussion

Exploratory PCA
Standard instruments used to measure sleepiness (SSS, ESS), fatigue (VAS, POMS: Vigor-Activity, POMS: Fatigue-Inertia), and performance (PVT) did not clearly identify traditional sleepiness and fatigue constructs among postpartum mothers. The SSS and the ESS were expected to separate onto one sleepiness factor by themselves; instead, these measures loaded on the same factor with the VAS, which was expected to measure fatigue, not sleepiness. The VAS and the POMS subscales were expected to separate onto a single fatigue factor because previous reports indicate that both POMS subscales Vigor-Activity and FatigueInertia were significantly associated with visual analogue scales of "Energetic" and "Tired" among a normative sample [39] . If the factor that only contained the POMS subscales indicated fatigue, it would be expected to include the VAS. The PVT variables were entered into the PCA to examine their potential relations with the subjective constructs of sleepiness and fatigue among postpartum mothers. The PVT items loaded together; this was somewhat expected, previous reports found that PVT performance is generally a separate construct from other neurobehavioral measures that are sensitive to sleep deprivation [40] ; and more specifically, PVT variables may be distinct from subjective sleepiness and fatigue reports [41] .
The lack of clearly discrete sleepiness and fatigue factors among postpartum women may reflect their high levels of sleepiness and/or fatigue. Overall, the descriptive statistics revealed that this sample of new mothers demonstrated high levels of impairment on standard instruments that are traditionally used to measure sleepiness, fatigue, and performance. Previous research indicates that as sleep deprivation increases, participants have a blurring of their distinction between state and behavior dimensions of sleepiness [42] . Furthermore, some standardized sleepoutcome measures may not clearly identify constructs of sleepiness and fatigue; specifically, standard sleep-outcome measurement instruments-including the SSS and the ESS -are reported to confound the constructs of sleepiness and fatigue [25] . Furthermore, the SSS has been found more strongly correlated with fatigue measures than with sleepiness measures [25] . The characteristics of these instruments may therefore influence our inability to identify clear constructs of sleepiness and fatigue in the current study.
The method of assessment administration must be carefully considered or tightly controlled when examining sleepiness and fatigue. The three independent factors that emerged from our PCA may have formed based on the mode used for administration of each instrument. Specifically, the three variables administered using "computerized experience sampling method" loaded together, both PVT variables loaded together, and both POMS variables loaded together. This finding suggests that researchers and clinicians who deal with the complex nature of sleepiness or fatigue should be cognizant of the effect that sampling methodology has on data collection and symptom report.
Furthermore, although the difference between the terms sleepiness and fatigue may be apparent to the scientific reader, the terms may seem synonymous to the study participants. The semantic similarity among terms may have contributed to our inability to clearly identify constructs of sleepiness of fatigue; this is considered a general issue within our field.
Independent associations among sleep-outcome measures and objective sleep indices
The relations between sleep outcome measures and objective sleep were all in their expected directions. These relations indicate that among postpartum women, subjective reports of sleepiness, fatigue, and objective performance measures were associated with specific objective measures of sleep. The "subjective report of sleepiness/fatigue" factor was associated with nocturnal sleep time and the "psychomotor performance" factor was associated with sleep efficiency. Furthermore, the ESS was independently associated with nocturnal sleep time; whereas, POMS: VigorActivity subscale and median reaction time were independently associated with sleep efficiency. Together, as sleep disturbance increased (i.e., less total sleep time and efficiency), sleepiness, fatigue, and performance got worse.
This finding indicates that some sleep outcome measures, as well as their combination into factors, may have discriminate abilities to identify specific sleep behaviors. Furthermore, these results lead us to speculate that certain distinct sleep profiles (e.g. discrete deprivation, fragmentation) may lead to specific daytime consequences (e.g., daytime sleepiness, fatigue, and poor psychomotor 
Limitations
Not all possible measures of sleepiness and fatigue were included; for a review of sleepiness and fatigue measures see the review by Shen et al. [1] . However, for the present longitudinal study in which early postpartum participants were expected to report frequent subjective events, it was important to keep subject burden to a minimum.
Since the current sample comes from a field-based study, participants were unsupervised during PVT administration. Although participants were instructed to terminate and readminister the PVT if a distracting event occurred, unanticipated minor distractions may have played a role in inflating psychomotor performance values-below the criterion cutoff value-which may have reduced their associations with other sleep outcome measures, as well as actigraphically recorded sleep values. However, the field-based design of this protocol bolsters the ecologically validity of this study and may be seen as one of the study's strengths. Further, the PVT measures demonstrated high variance that was collapsed across weeks, potentially washing out within subject variability.
The cross-sectional research design of the current study does not allow inference about directionality among variables. However, the current study provides foundational information for future investigations to identify temporal sequences among specific sleep profiles and specific daytime complications among postpartum women.
The current study contains several psychometric limitations that must be noted. The SSS is a scale (widely used) to measure sleepiness, but previous research on this instrument indicated that sleepiness is not unidimensional [43] . We therefore cannot extrapolate unequivocally on how the different dimensions of sleepiness, as measured by the SSS, influence the current results. The ESS was administered as a state measure; however, it has only been psychometrically validated as a measure of trait. As reviewed above, fatigue has multiple dimensions, yet the VAS used in the current study only examined a tiredness/fatigue state and the meaning of this state was left to interpretation by the participants. This does not allow for examination of the separate constructs of physical and mental fatigue.
The psychometric limitations reflect constraints that were imposed by using a convenience sample from a larger longitudinal research project, and these limitations may influence the results of the subsequent PCA. Although the measures utilized in the current study do not thoroughly examine the intricacies of sleepiness and fatigue, they have been used to describe these states, and most importantly, demonstrate informative relations with objectively recorded sleep profiles among postpartum women.
Conclusion
The current work is in line with the literature that sleepiness and fatigue are puzzling constructs. However, different research approaches help to better conceptualize its features, and therefore guide potential treatments to reduce these experiences [44] . Notably, the current work identified that among postpartum women standard sleepiness, fatigue, and performance measures did not unequivocally identify the traditional constructs of sleepiness and fatigue. These measures did however clearly separate into distinct factors; specific factors, as well as individual measures, were associated with distinct objectively measured sleep profiles. The finding that certain sleepiness, fatigue, and performance variables are associated with specific sleep profiles may help guide future investigations and treatments that target specific populations with high levels of daytime sleepiness and/or fatigue.
